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Intrinsic chirality of the Xenopus egg cortex and left–right
axis patterning
Mike Danilchik, Betsy Brown, Kristen Riegert
OHSU, Portland, Oregon
Vertebrate embryos define an anatomic plane of bilateral
symmetry by establishing rudimentary anterior–posterior and
dorsal–ventral (DV) axes. A left–right (LR) axis also emerges,
presaging eventual morphological asymmetries of the heart and
other viscera. In the cylindrically symmetric Xenopus egg, the
earliest steps in DVaxis determination are driven by microtubule
(MT)-dependent rearrangements of localized maternal compo-
nents toward the future dorsal side. LR axis determination is
known to be closely linked to this DV-specifying process, but
thus far, no left-or rightward bias in determinant localization has
been identified. We recently uncovered an unambiguously chiral
polarization of the egg’s cortical cytoskeleton that may function
in biasing left-or rightward actin-dependent translocation of
determinants important for LR specification: Xenopus eggs
treated with butanedione monoxime (BDM) undergo an
unusual, large-scale cortical reorganization, with actin fibers
aligning circumferentially about the equator, and the animal
hemisphere shearing in an invariably counterclockwise direction
past the vegetal hemisphere. Inhibitor experiments indicate that
this torsion depends on the reorganization of preexisting cortical
actin rather than new actin polymerization and is MT-indepen-
dent. Significantly, BDM treatment during the first cell cycle
randomizes heart and gut LR orientation and induces embryonic
axis duplication, confirming that the cortical torsion perturbs
normal determinant localization. This study was supported by
the National Science Foundation (IBN 0419664). KR received a
summer undergrad fellowship from the M. J. Murdock
Charitable Trust.
doi:10.1016/j.ydbio.2006.04.363
334
A leftward fluid flow precedes nodal induction in Xenopus
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The left-sided induction of the Nodal signaling cascade is
required for asymmetric organ morphogenesis and conserved
among vertebrates. Events upstream of nodal induction are
controversial. In mouse, motile monocilia on ventral node cells
rotate and produce a leftward fluid flow, which is instrumental for
correct laterality development. We studied symmetry breakage in
rabbit embryos and found a conserved cilia-driven fluid flow. Cilia
were, however, not localized on Hensen’s node but on the posterior
notochordal plate. Histological and marker gene analysis of mouse
and rabbit embryos suggested that the Fnode_ in mouse did not
correspond to the organizer but to the posterior notochordal plate.
Investigation of timing aspects indicated a very narrow time
window for cilia-mediated events of about 2 h. In Xenopus,
molecular asymmetries were found at early cleavage stages, in
particular highly localized expression patterns of H+/K+-ATPase
and serotonin. Functional relevance was shown by experimental
manipulations using pharmacological inhibitors. Here, we show
motile monocilia on the posterior notochordal plate of Xenopus
embryos, which produce a leftward fluid flow like in mouse and
rabbit. Cilia were characterized by expression of Lrd, Polycystin-2,
and – most significantly – H+/K+-ATPase and serotonin. Our
data demonstrate that a leftward cilia-driven fluid flow at the
posterior aspect of the notochordal plate presents a conserved
constituent of left–right development in amphibians and mammals
upstream of the Nodal cascade.
doi:10.1016/j.ydbio.2006.04.364
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sFRPs inhibit tolloid metalloproteinases
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How do cells at opposite poles of an embryo communicate
with each other? The dorsoventral body axis is patterned by
opposing activities of BMP growth factors and their secreted
antagonists, such as Chordin and Noggin, during Xenopus
gastrulation. Here, we report another layer of extracellular
BMP signal regulation by the secreted Frizzled-related protein
(sFRP) Sizzled/Ogon. Embryological and biochemical assays
will be presented to show that the Frizzled domain of Sizzled
regulates the activity of Xolloid-related (Xlr), a metalloprotei-
nase that degrades Chordin, through the following molecular
pathway: Szl–aXlr–aChd–aBMPYSzl. This BMP feedback
loop encompasses the dorsal (Chordin) and ventral (Sizzled)
ends of the gastrula embryo. Furthermore, our study suggests a
new role for sFRPs in regulating metalloproteinases.
doi:10.1016/j.ydbio.2006.04.365
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Xenopus P21-activated kinase1 (X-PAK1) regulates
Tumorhead (TH) distribution in the neural field cells
during Xenopus neurulation
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We previously reported that Tumorhead (TH), a Xenopus
maternal gene product, is involved in the neural tube
morphogenesis through a cell polarization mechanism that
is conserved from the yeast to the vertebrate (Development
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